The tetramethyldibenzocyclam derivative, was synthesized and characterized and was used for fabrication of potentiometric sensor for Ni 2+ metal ion. 
Introduction
Nickel is frequently used in catalytic processes and occurs in industrial effluents. It is also present in low concentration in chocolates, soyabeans, nuts, oatmeal, cottonseed, cornmeal, hydrogenated vegetable oils, milk and milk products. Dissolved nickel levels in unpolluted fresh waters typically range from 0.001 to 0.005 mgL -1 [1] . If nickel concentration exceeds the normal level it may become potential health hazard. Nickel toxicity can cause acute pneumonitis, dermatitis, asthama, eczema, cancer of lungs and sinus, stomachaches, adverse effects on blood (increase red blood cells) and kidneys (increase protein in urine), other disorders of respiratory system and central nervous system. Availability of highly selective and economic ionophores has opened up the prospect of fabricating newer/better ion-selective electrode for the determination of nickel. The cyclam derivatives exhibit very rich coordination chemistry with a variety of transition metal ions [2, 3] . Among these, the planar nickel(II) complexes in particular, due to their remarkable thermodynamic and kinetic stability, have been used in several catalytic reactions viz. electroreduction of CO 2 [4] and NO 2 - [5] , epoxidation of olefins [6] , chemical and electrochemical reduction of alkyl halides [7] , medical diagnosis as contrast media for NMR imaging [8] and in the fabrication of ionselective membrane electrodes [9] . The ion-selective electrodes reported for the determination of Ni 2+ in literature till date has poor selectivity, narrow concentration range, non-Nernstian response, long response time and poor reproducibility [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Contrary to this, the dibenzocyclam macrocycles could prove to be a better candidate for development of Ni 2+ selective electrodes. The γ-carbon atoms in MR 4 taa complexes possess remarkable nucleophilicity [21] , which can be exploited for binding a variety of groups in order to build molecular super-structures and supramolecular assemblies [22] . The R 4 Bzo 2 [14] aneN 4 type dibenzocyclam derivatives due to their flat geometry are also expected to form stacks in solid lattices and are also expected to possess good miscibility with the PVC matrix for the rapid exchange of metal ions [23] . Consequently, they can be used as active material in the membrane phase to prepare selective electrode for a particular metal ion [24] [25] [26] . In this paper, results on the PVC matrix membrane sensor incorporating ([Ni(Me 4 Bzo 2 [14] ane N 4 )]Cl 2 ) ionophore for the determination of nickel in aqueous solutions have been presented and discussed.
Experimental

Reagents and Materials
All the reagents were of Analytical Grade and were used as received, unless otherwise stated. Nickel acetate from Veb lab (Germany); acetylacetone from Sigma (U.S.A.) and o-phenylenediamine, and Butanol from Loba Chemie (India) were employed. Different solvent mediators/plasticizers such as chloronaphthalene (CN), and tri-n-butyl phosphate (TBP) were obtained from Merck (Germany), dibutyl butylphosphonate (DBBP), tri-n-butyl phosphate (DOP) and dibutyl phthalate (DBP) from Reidel (India). High molecular weight poly(vinyl chloride) (PVC) was obtained from Fluka (Switzerland) and sodium tetraphenyl borate (NaTPB) from BDH (U.K.) and used as such. AR grade tetrahydrofuran (THF), nitric acid and sulfuric acid were obtained from E.Merck (India) and sodium hydroxide from Ranbaxy (India). All the metal salts used were of analytical reagent grade. Solutions of metal nitrates were prepared in doubly distilled water and were standardized by appropriate chemical methods. Solutions of different concentration were prepared by diluting the stock solution of 0.1 M concentration.
Synthesis of [Ni(Me 4 Bzo 2 taa)] Complex(I)
This was prepared using template synthesis as given by Chipperfield and Woodwards [27] . 10 mmol (2.547 g) of nickel acetate tetrahydrate and 20 mmol (2.1628 g) of o-phenylene diamine were placed in a 100 mL round bottom flask equipped with a reflux condensor, 30 cm 3 of dry butane-1-ol was added to it. The solution was refluxed using oil bath and was continuously stirred throughout using magnetic stirrer. 
Preparation of Membranes
Varying amount of ion-active material (ca. 3.0-20 mg), an appropriate amount of high molecular weight PVC (ca. 50-200 mg), varying amount of solvent mediators/plasticizers (ca.50-250 mg) and an anion discriminator (ca. 1.0-10 mg) were dissolved in ∼20 mL tetrahydrofuran (THF). The solution mixture was vigorously shaken and the air bubbles were removed. It was poured into polyacrylate rings, which were placed on a smooth glass plate and THF was allowed to evaporate slowly at room temperature. The membranes, thus obtained, were detached from the glass plate, cut to suitable size and glued to one end of a "Pyrex" glass tube with araldite.
Equilibration of Membranes and Potential Measurements
Proper equilibration of a membrane, to be used as a sensor, is essential for generating stable and reproducible potentials and to avoid long response time. It is necessary to optimize the concentration of the contacting solution and the time required for complete equilibration. Thus, all the membranes were immersed in respective metal salt solutions of different concentrations for different time periods.
The potential measurements were carried out at 25±0.1 o C by using saturated calomel electrodes (SCE) as the reference electrodes. The following cell assembly was set up to measure the potentials. 
Dissolution of Waste Samples
Treatment of Electroplating Waste 40 mL of electroplating waste was first filtered and added 5 mL of concentrated sulphuric acid. The final volume of solution was made up to 50 mL maintaining the pH between 3.0-4.0 and solutions were suitably diluted.
Dissolution of Spent Fe-Cr catalyst 1.0 g of Spent Fe-Cr catalyst was dissolved by heating it with 2x10 mL of concentrated HCl to near dryness. The residue was dissolved in 10 mL of 0.1 M H 2 SO 4 and made up to 100 mL and pH 4.0 of the solution was maintained.
Dissolution of Chocolates Samples
A 10 g chocolate sample was ashed in silica crucible for 4 h on a hot plate and the charred material was transferred to Muffle furnace for overnight heating at 350 °C . The residue was cooled, treated with 2.0 mL concentrated nitric acid and again kept in furnace for 2 h at the same temperature so that no carbon traces are left. The final residue was treated with 0.5 mL concentrated hydrochloric acid and 1-2 mL 70% perchloric acid and evaporated to fumes, so that all the nickel metal change to nickel ions. The solid residue was dissolved in water, filtered and by keeping the pH at ∼4.0 made up to 25 mL.
The all dissolved solutions were suitably diluted and metals concentration were determined with Atomic Absorption Spectrophotometer.
Result and Discussion
The potential response of all the membranes (numbered 1-6) for Ni 2+ ions was studied at 1. The working concentration ranges with slopes of the least square fit line and standard deviation in the observed values of potential from this line for all membranes are given in Table 1 . It has been observed that the membrane no.1 without plasticizer exhibits a narrow working concentration range of 1.12×10 -4 -1.0×10 -1 M with a non-Nernstian slope of 34.9±0.5 mV/decade of activity with standard deviation of 2.78 mV in potential. The characteristics of the membrane improved, especially the working concentration range and slope, by the addition of anion discriminator (NaTPB) and solvent mediators (DBBP, DBP, TBP, DOP or CN) (Table 1) . Further, the best performance is exhibited by membrane no. 2 incorporating DBBP as solvent mediator, which works well over a wide concentration range (7.08×10 . This membrane gives standard deviation of 1.4 mV in potentials from the least square fit line and excellent consistency in slope with 90% confidence limit lying within ±0.2 mV/decade of activity. A comparative data for the sensors presented in this paper with those reported in literature is summarized in Table 2 .
Response and Life Time
The response time i.e., the time required by the electrode assembly to generate stable, noiseless and reproducible potentials is 40s for the sensor (no. 1) fabricated without any solvent mediator (Table 1) . This is not desirable as it makes the electrode unfit in applications like on-line monitoring. However, the addition of solvent mediators improves the response time, as observed for membranes 2-6. It can be seen from Table 1 that best performance, with regard to response time, is given by sensor no.2 containing DBBP as the plasticizer as it shows a fast response time of 12s as compared to the rest of the sensors. All further studies were carried out on sensor no.2 as it exhibits the best response characteristics.
pH and Solvent Effect
One of the ions present in aqueous solution is the hydrogen ion. It interferes in the functioning of the electrode in many instances. In view of this it is essential to get the optimum pH range where the electrode functions devoid of interference from the hydrogen ions. The pH dependence of the membrane sensor (no.2) has been investigated at 1.0×10 -2 and 1.0×10 -3 M Ni 2+ ions and shown in Fig.   2 . The pH of the solutions was adjusted by the addition of HNO 3 or hexamine. It can be seen from Fig.  2 that potentials remain steady between pH 2.0-7.5 and consequently, the same may be taken as valid pH range of the projected sensor. The sharp change in potentials below 2.0 and above pH 6.9 may be due to H + ion co-fluxing and hydrolysis of Ni 2+ ions, respectively.
In order to asses the performance of the sensor in partially non-aqueous medium, its functioning was studied in methanol-water, ethanol-water and acetone-water mixtures and the results are tabulated in Table 3 with the standard deviation in slope and potential from least square fit line. It is observed that the performance of the electrode is satisfactory in non-aqueous solution containing up to 40% partially non-aqueous content, as the working concentration range and slope do not change considerably. However, these values reduce significantly when the non-aqueous content exceeds this concentration. 7.08×10 -6 -1.0×10 
Selectivity
Selectivity is the most significant characteristic of any sensor, which defines the extent to which it may be used to estimate that meticulous ionic species in real samples. To be a good sensor, it is essential for it to be selective over all the ions likely to be present in real samples along with the analyte. The selectivity of a sensor is specified by the selectivity coefficient values defined in terms of Nicolksy equation. The selectivity coefficients were evaluated by modified form of the fixed interference method as recommended by Sa'ez de Viteri and Diamond [28] and also by matched potential method [29] 
Analytical applications
Potentiometric titration
The analytical applicability of the proposed sensor has been tested by using it as an indicator electrode to find out the end point in potentiometric titration of Ni 2+ with EDTA. 10 mL of 1.0X10 -3 M Ni 2+ solution was brought to pH 6.0 with hexamine and then titrated with 1.0X10 -2 M EDTA solutions.
The potential data are plotted against volume of EDTA in Fig.5 . The conventional sigmoid type plot is not obtained which may be due to the electrode response to the other ions being added to the test solution during titration. However, the break point obtained is sharp and can be taken as the end point because it corresponds to Ni (II)-EDTA complex stoichiometry. 
Waste analysis
Further, the practical utility of the sensor was tested by applying it for the estimation of Ni 2+ in a Electroplating waste and Spent iron-chromium catalyst. The waste was dissolved in distilled water by adding a few drops of 16N nitric acid. It was then filtered and analyzed by AAS. It was found that the waste contained various metals at different concentration besides. Ni 2+ . For the sake of comparison ( Table 5 ) the conentration of copper was also determined by the sensor. It is clear from the values in Table 1 that these are in good agreement with those obtained by AAS. Hence the sensor can be successfully employed for the estimation of Ni 2+ in real samples. This electrode can also be used for the quantitative determination of Ni 2+ in some Indian brand chocolates.
The results were found quite comparable to those obtained by AAS (Table 6 ). This also shows the practical utility of the proposed sensor.
Conclusion
The membrane sensor using [Ni(Me 4 Bzo 2 [14] aneN 4 )]Cl 2 (II), NaTPB as anion discriminator and DBBP plasticizing solvent mediator in PVC matrix in the ratio 2.5:1:100:100 (II:NaTPB:DBBP:PVC)(w/w) works well in the concentration range 7.0x10 -6 -1.0x10 -1 M with a slope 29.8±0.2 mV/decade of activity, response time as fast as 12s and good selectivity over a number of cations. The useful pH range of the electrode is 2.0-7.6. The sensor can work satisfactorily in 40%(v/v) water-methanol, ethanol and acetone mixtures, and can be used over a period of 5 months without any drift in potentials. The electrode has been used as an indicator electrode in the potentiometric titration of Ni 2+ against EDTA and can be used in the determination of Ni 2+ in real samples.
